Objectives-To estimate the relative risk of death from work related injury in a steelworks, associated with exposure to various occupational hazards, sociodemographic factors, and medical history. Material and methods-The study was a nested case-control design. It was based on a cohort of men employed in the steel plant of USIMINAS, Brazil between January 1977 and August 1990, who were followed up to November 1992. The cases were defined as all workers in the cohort who died from injury in the study period and whose death had been notified to the Brazilian Ministry of Labour as being related to work. Four controls per case, matched to cases on year of birth, were randomly selected from among workers employed in the plant at the time of death of the matching case. Data on potential risk factors for occupational injury were extracted from company records; for the controls these data were abstracted for the period preceding the death of the matching case. Results-There were 37 deaths related to work injuries during the study period. Four surviving workers were selected as controls for each case, but for eight the personnel records were incomplete, leaving 140 controls in all. Significantly increased risk of fatal injury related to work was associated with exposure to noise, heat, dust and fumes, gases and vapours, rotating shift work, being a manual worker, and working in the steel mill, coke ovens, blast furnaces, and energy and water supply areas. Risk of fatal injury related to work increased with intensity of exposure to noise (P (trend) = 0.004) and heat (P<0.001), and increased greatly with a hazard score that combined information on noise, heat, dust, and gas exposure (P<0.001). Number of years of schooling (P=0.03) and salary level (P=0.03) were both negatively associated with risk. In a multivariate analysis including all these significant factors, only hazard score and area of work remained associated with death from injury related to work. The highest risks were for men exposed to all four environmental hazards (odds ratio (OR) 19.4; 95% confidence interval (95% CI) 1.1 to 352.1) and those working in the energy supply area (OR 18.0; 1.6 to 198.1).
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Accepted 26 February 1997 Conclusions-The study identified parts ofthe steelworks and types ofhazard associated with greatly increased risk of fatal accident. Research and measures to prevent accidents need to concentrate on these areas and the people working in them. The use of a hazard score was successful in identifying high risk, and similar scoring might prove useful in other industrial situations.
(Occup Environ Med 1997;54:599-604) Keywords 24 hours a day, including weekends and holidays. Different groups of workers are employed on one, two, or three shift schedules. These are: three shifts (0700-1500, 1500-2300, or 2300-0700), including weekends and bank holidays; two shifts (0700-1500 or 1500-2300), including weekends but not overnight work; and one shift (0730-1730), including a two hour lunch break, Monday to Friday.
The Occupational Health and Industrial Hygiene Departments of USIMINAS had conducted an earlier survey linking detailed descriptions of work areas, job titles, materials, and technologies used, to routine measurements taken on common occupational hazards identified in the plant. Subsequently, they developed a database with information for each worker on the level of exposure to up to 22 important health hazards during employment in the plant. For the present study, the industrial hygienists at the plant used this database and the information on job title and area of work already collected for each case and control to identify their exposure status to the main health hazards in the plant at the index date. The hygienists were unaware of the casecontrol status of the subjects. The main health hazards identified were air contaminants, heat, noise, and vibration. Air contaminants included metal and mineral dust from sintering, pelletising, and foundry operations, metal fumes from furnaces and scarfing, gases and vapours from blast furnaces, coking, welding, cleaning motors, and maintenance processes. The industrial hygienists also used their knowledge and experience to classify the intensity of exposure to noise, heat, and vibration into three levels-low, moderate and high. For instance, exposure for eight hours a day to noise levels from 85 to 89 dB(A) Leq was classified as low, and similar exposure to 95 dB(A) Leq and above as high. The principal heat load in the steelworks is due to radiation from the ovens and the molten metal. Men working in front of, or on top of, furnaces were regarded as highly exposed to heat. Refractory brick workers in the steelmaking plant and workers in foundry shakeout operations were classified as highly exposed to vibration.
To summarise the data for statistical analysis, and to avoid small numbers within categories, the 24 departments of the plant were grouped into eight main areas of work: administration (including research and design), hot strip mill, cold strip mill, transport, maintenance (repairs and production of tools and machinery), steel mill, coke ovens or blast furnaces, and energy or water supply. The work hazards identified by the industrial hygienists were arranged into five groups: dust and fumes, gases and vapours, noise, vibration, and heat. Information on mechanical dangers, such as presence of cranes and other heavy machines and use of safety equipment was not available on records.
Cases and controls were classified into four income groups corresponding, after adjustment for inflation, to quartiles of the 1992 range of salary grades. Medical history was grouped into two main categories: neuropsychiatric disorders or use of psychoactive medication, and physical disabilities. Histories of injuries were grouped into those which were occupational and those which were nonoccupational. There was no significant relation between fatal work related injuries and marital status, neuropsychiatric disorders, or history of physical disability (table 1) . History of a previous injury related to work was associated with a more than threefold increased risk, although the association was not significant. The OR for history of previous non-occupational injury was greater than unity, but again was not significant.
Manual workers were at four times greater risk than non-manual workers (table 2), but the difference stopped being significant after adjustment for level of education (OR 3.08; 95% CI 0.82 to 11.54). Compared with workers in the production process, the risk of fatal injury was greater for maintenance workers and lower for those employed in other jobs, but these differences were not significant ( There were substantially increased risks of death for workers employed in certain areas of the steelworks. The areas of highest risk were coke ovens and blast furnaces, energy and water supply plants, and steel mills (table 2) . Sixty seven per cent of the cases worked in these three areas. Compared with workers employed in the administration, design, and research departments, those employed in the maintenance, transport, and hot and cold strip mills also had increased risks, but not significantly so. Table 3 shows that burning and dangerous machines caused most of the deaths in the steel mill, coke ovens, or blast furnaces and energy supply areas.
Cases differed significantly from controls in their exposure to several work hazards (table  4) . Noise exposure was the most common hazard in the steelworks, affecting 89% of the cases and 64% of the controls. There was a significant trend of increasing risk with increasing exposure to noise, although risk was greater for moderate than for high exposure. Exposure to heat was also a strong predictor of death from injury related to work (table 4), with a highly significant trend.
Smaller numbers of workers were exposed to vibration, but there was also a significant trend in risk with intensity of exposure (table 4, P=0.03). The trend remained but was not significant after adjustment for education. Relative risks were also increased, and highly significant, for workers exposed to dust or fumes and gases or vapours.
We assessed the possible interaction of the occupational risk factors already discussed with duration of employment (<2 y v 3 2 y), age (<30 y v 30 y), and period of death (before 1987 v 1987 onward), but in each instance the interaction term was not significant. We also developed a hazard score, counting one point for exposure to each of dust, gases, noise, and heat. Thus the lowest score was 0, for exposure to none of these hazards, and the highest was 4, for exposure to all of them. Exposures to low levels of noise or heat were counted with zero exposure in the calculation of the score. Vibration was not included in the score as its association with risk of death was not strong, and was slight after adjustment for any of the other factors. There was a steep, highly significant (P<0.001) upward trend in the OR with increasing hazard score (table 4). The risk was particularly high for workers with the highest score level (OR 44.9, 95% CI 4.4 to 459.7). Adjustment for level of education had little effect.
We examined the effect of all significant risk factors in a multivariate model. As some of the risk factors identified in the initial analysis were highly correlated, to avoid multicollinearity or several non-significant variables with large standard errors due to over adjustment, only those factors that best represented the exposure of interest were kept in the model." 12 The factors included in the multivariate analysis were job category, shift work, work area, hazard score, and education. The work areas hot and cold strip mills, transport, and maintenance were combined in the category "other" because there was no evidence of a difference in risk between these areas (table 2) .
When all of the factors were adjusted for each other, the only ones that remained statistically associated with death from injury related to work were the hazard score and area ofwork. The ORs for hazard score were reduced, but still large and highly significant, after adjustment for work area (table 5) . There were large reductions in the ORs for working in the steel mill and coke oven or blast furnace areas after taking into account the hazard score (table 5) , but the high risk for those employed in the energy and water supply areas was not greatly changed (OR 18.0). Among the four cases employed in the energy and water area, two died of burns and two from motor vehicle injury.
Discussion
We found a large, significant risk of fatal injury related to work in relation to certain work areas, and to certain environmental hazards, especially in combination. The findings are unlikely to be due to bias as the occupational histories were from dated records compiled before the occurrence of the fatal outcomes, and were abstracted without knowledge of whether individual people were cases or controls. Information on work hazards was provided by industrial hygienists also unaware of whether the study subjects were cases or controls. We think that misclassification of the type and levels of work hazards to which the steel workers were exposed at the index date is unlikely to be substantial, but if it did occur it should have affected cases and controls similarly and would thus have tended to reduce the risk estimates.
In the univariate analyses the risk of fatal injury related to work was significantly related to educational level, income, job category, shift pattern, and work area (tables 1 and 2). Education, salary level, and job category were highly correlated. In so far as education determines to a large extent, the type of employment, it is arguable whether or not adjustment for educational level is appropriate when assessing occupational factors. The main effects of occupational hazards were strongly present even after this adjustment. Working on a rotating shift pattern-that is, two or three shifts-could plausibly be a cause of accidents,'3-'5 but the risk for this factor was not significant when adjusted for other occupational factors.
The lack of association between physical disabilities and work related injuries might be explained by selection on health grounds. Workers with such afflictions might either not be admitted to work in, or be moved from, areas and jobs in which these disabilities would increase risk. We have no information on whether workers with a neuropsychiatric history were also removed from hazardous areas because of safety concerns. This might explain the lack of a significantly increased risk of death associated with this factor (table 1) . The high risks we found among workers employed in the steel mill, coke oven, and blast furnace areas were partly related to exposures measured in the hazard score, but not entirely so (table 5) . Other known dangers of these areas are movement of locomotives, cranes, and furnace charges, falls of heavy and dangerous objects, humidity and wet floors, electrical shocks, fatigue, reduced visibility, and machine paced work.
The risk for those employed in the energy and water supply area remained high after adjustment for the hazard score. This area is vital to the steel plant. It produces, stores, and distributes to other areas vapour and pressurised air, and controls and distributes oxygen, electricity, water, fuel, and the gas generated in the coke oven and blast furnace areas. Hot objects, toxic gases, vapours and solvents, work on moving equipment, wet floors, and ladders are among the most common hazards in the area. People working in the oxygen plant are exposed to the highest noise levels in the steelworks.
Large relative risks of fatal injury were found in relation to noise, heat, dust and fumes, and to gas and vapour, especially in combination. Workers exposed to these hazards might also be exposed, however, to other factors that increase the risk of injury and which were not measured in the present study, such as intense traffic, mechanical hazards, workplace disarray, poor maintenance of equipment, and lack of protective equipment. 18 The association between the hazard score and risk is strong, even after adjustment for the effect of work area, and it therefore seems unlikely that these other factors could completely explain this association.
There are several mechanisms by which exposure to heat, noise, gases, and dust might raise the risk of fatal accidents. As a consequence of prolonged exposure to excessive heat, steel workers have a particularly high risk of heat exhaustion and heat cramp due to loss of body fluids and salts or imbalance in body salts. If workers dehydrate beyond 1.5% of their total body weight, their physical and mental fitness deteriorate, and they become more susceptible to acute heat illnesses and accidents. 9 Burns may occur in many areas: for instance, in front of furnaces, from the falling of molten metal out of ladles, and in the pouring of ingots. Risks of explosion have increased owing to the use of oxygen in modern steel making plants. 3 Exposure to high noise levels is common in a steelworks (table 4) . Audiometric examinations and protective equipment are usually used to minimise or retard the deleterious effects of noise on workers' hearing. Psychological distress, irritability, and increased risk of accidents have been associated with persistent exposure to intense noise. 20 Human error might also have played an important part in the cause of injury. However, human error might not have had a fatal course if environmental risks were small. The associations found for the hazard score and area of work do not undermine the possible importance of human error, but rather stress the essential contribution of hazards inherent to job and workplace.
In conclusion, this study found high risks of fatal accident in relation to certain work areas and hazards in the steel workers: 70% of the fatal work related injuries occurred in the 35% of workers employed in the coke ovens or blast furnaces, energy and water supply plants, steelmills, and areas with hazard scores of three or more. It is possible that the risk factors found in this study were, to some extent, proxies for equipment related factors (inadequate design, poor maintenance, and safeguard) and organizational factors (safety systems, training, and working procedures). Further investigation is needed to elucidate better the specific dangers in these areas of the works, and ways in which they can be made safer. Similar hazard scoring systems could be used at other steelworks, and perhaps at other heavy industrial plants, to 
